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CO-INJECTION METHODS USING ENDOTHERMIC-BLOWING 
AGENTS AND PRODUCTS MADE THEREFROM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application claims priority under 35 U.S.C. § 1 19 to U.S. provisional 

application serial no. 60/250,222 filed on November 30, 2000, which is hereby fully 
incorporated by reference. 

FIELD OF THE INVENTION 

10 The invention relates to co-injection-molding methods, and more particularly to co- 

injection-molding methods using endothermic-blowing agents. The methods comprise 
injecting two different materials, typically an outer-skin material, and an inner-core 
material incorporating an endothermic-blowing agent, into a single-cavity or multi-cavity 
mold. The invention also relates to thermoplastic articles and resins made from these 

15 materials and methods. 

BACKGROUND OF THE INVENTION 
In co-injection methods, a co-injection manifold receives material, usually thermo- 
plastic, from two different injection units and combines the two materials into a single 

20 stream that flows into a mold or die. The manifold allows one material to be co-molded 

inside another during a single cycle. The co-injection manifold is thus located between the 
injection units and the mold. A typical co-injection manifold is fixed to the injection units. 

Exothermic-blowing agents have been incorporated into thermo-plastics in mono- 
injection-molding methods and in other injection molding methods. A blowing agent is a 

25 substance incorporated into a mixture for the purpose of producing a foam. But the use of 
exothermic-blowing agents in mono-injection-molding methods has been limited to the 
production of end products, for which aesthetic concerns do not apply. In other words, 
using exothermic-blowing agents in conjunction with co-injection methods yields aesthetic 
and other problems for the following reasons. 

30 First, using exothermic-blowing agents in the core material produces uneven 

blowing, which may cause voids in certain inner areas of the parts being produced. 
Because the blowing agent is exothermic, heat evolves unevenly during the foaming 
reaction, which accounts for the uneven blowing and the formation of voids in the core 
material. 


Second, and somewhat related, it is difficult to keep the exothermic-blowing agent 
homogenized within the core material during production. As a result, when the . 
exothermic-blowing agent is mixed with the inner-core material, a heterogeneous mixture 
tends to form, making it difficult to produce a high quality end product. For example, one 
part cycle may produce a part exhibiting high pockets of potency while a subsequent part 
cycle may produce a part exhibiting weaker pockets of potency. Keeping the blowing 
agent homogenized is critical to providing consistent "part feel" and structural integrity to 
the end product. "Part feel" describes the physical characteristics of the product, including 
how a part feels when touched by the hands of a consumer. Overall, it is difficult to 
regulate the amount of and homogenize the liquid-exothermic-blowing agent being 
introduced into the core material between part cycles while producing products. 

Third, using exothermic-blowing agents results in irregular and inconsistent 
pressure being exerted on the outside walls of the part after removal from the die. 
Consequently, part size and shape are affected and many parts generated therefrom need to 
be scrapped. Controlling the pressure that the blowing agent exerts on the outside walls of 
the part after it is removed from the mold produces a part having a rounder, friendlier "part 
feel." A related problem associated with adding exothermic-blowing agents to core 
materials is that these blowing agents tend to migrate toward the surface or skin of the 
part, thereby affecting the aesthetic appearance of the surface. This has limited the use of 
exothermic-blowing agents for application in parts that are not aesthetically demanding. 

Finally, when exothermic-blowing agents are used, slight temperature changes and 
variations result in complications in part sizes and part cycles. In other words, the 
exothermic-blowing agents are not very versatile, and require uniform, constant 
temperatures to produce a consistent, quality end product. Minor temperature changes and 
modifications are often required during coring processes to overcome aesthetic, size, or 
cycle issues. As a result, the use of exothermic-blowing agents in these injection molding 
methods is limited. 

SUMMARY OF THE INVENTION 

The present invention addresses these needs by providing co-injection methods that 
employ endothermic-blowing agents which absorb heat during the co-injection process. 

Accordingly, the invention provides a method of co-injection molding that includes 
mixing a plastic inner material and an endothermic-blowing agent to form a core mixture. 
A plastic outer material is injected from a first injection unit into a co-injection manifold to 
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create a flow of outer material therethrough. The core mixture is injected from a second 
injection unit into the co-injection manifold to create a flow of core mixture therethrough. 
The flow of the outer material and the flow of the core mixture are then controlled through 
the co-injection manifold and into a mold cavity. The core mixture is thereby co-injection 
5 molded inside the outer material. The core mixture expands as heat is provided for the 
endothermic-blowing agent to absorb. 

In another aspect, the present invention also provides co-injected plastic articles 
manufactured by co-injection processes. The co-injection processes include melting an 
inner material and an endothermic-blowing agent to form a core mixture, injecting a 
10 plastic outer material from a first injection unit through a co-injection manifold and into a 
mold cavity, and injecting the core mixture from a second injection unit through the co- 
injection manifold and into the mold cavity, thereby co-injection molding at least a portion 
of the core mixture inside the outer material in the mold cavity. The core mixture expands 
when heat is provided for the endothermic-blowing agent therein to absorb. Once the 
15 outer material and core mixtures are allowed to cool in the mold cavity, a co-injected 

plastic article is formed. About 20 to 45 percent by volume of the article is inner material 
and about 0.1 to 4.0 percent by volume of the inner material is endothermic-blowing agent. 

In another aspect, the invention provides a method for manufacturing an 
engineering-grade resin. The method includes adding an endothermic-blowing agent to an 
20 inner material, exposing the blowing agent and inner material to a temperature between 
about 300-600° F and a pressure between about 5,000-25,000 PSI to form a core mixture. 
An outer thermoplastic material is injected from a first injection unit through a co-injection 
manifold and into a mold cavity, and the core mixture is injected from a second injection 
unit through the co-injection manifold and into the mold cavity to create the resin. The 
25 outer material insulates the core mixture in the resin, and the resin is capable of forming a 
plastic article upon being cooled. 

The present invention also provides for a method of co-injection molding including 
mixing an inner material and an endothermic-blowing agent to form a core mixture. The 
method also includes controlling the flow of the outer material and the core mixture 
30 through a co-injection manifold and into a mold cavity in order to co-mold the core 

mixture inside the outer material. The core mixture expands when heat is provided for the 
endothermic-blowing agent to absorb. 

In another aspect, the present invention also provides for the manufacture of co- 
injected plastic articles produced by processes including mixing an inner material and an 


endothermic-blowing agent to form a core mixture. The processes also include controlling 
the flow of the outer material and the core mixture through a co-injection manifold and 
into a mold cavity in order to co-mold the core mixture inside the outer material. The core 
mixture expands when heat is provided for the endothermic-blowing agent to absorb. 

Other features and advantages of the invention will become apparent to those 
skilled in the art upon review of the following detailed description and claims. 
Before embodiments of the invention are explained in detail, it is to be understood that the 
invention is not limited in its application to the details of the composition and 
concentration of components set forth in the following description. The invention is 
capable of other embodiments and of being practiced or being carried out in various ways. 
Also, it is understood that the phraseology and terminology used herein is for the purpose 
of description and should not be regarded as limiting. 

Unless explicitly stated otherwise, the order in which the steps or acts in the 
methods described herein are performed, and more particularly, the order in which the 
steps or acts in the methods claimed herein are performed may vary. Unless explicitly 
stated otherwise, just because one step or act is listed or described before another does not 
necessarily mean that step or act must be performed before the other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-section view of a co-injection manifold that may be used in the 
methods of the present invention. 

Figure 2 is a perspective view of a handle embodying the invention. 

Figure 3 is a cross-sectional view taken along line 3 — 3 in Figure 2. 

Figure 4 is a perspective view of a handle for a wheelchair embodying the 
invention. 

Figure 5 is a perspective view of a toilet seat embodying the invention. 
Figure 6 is a perspective view of a piece of lawn furniture embodying the 
invention. 

Figure 7 is a cross-sectional view taken along line 7 — 7 in Fig. 6. 

Figure 8 is a perspective view of a steering wheel embodying the invention. 

Figure 9 is a cross-sectional view taken along line 9 — 9 in Fig. 8. 

Figure 10 is a perspective view of a hood for a vehicle embodying the invention. 


DETAILED DESCRIPTION OF THE INVENTION 

As used herein, the term "co-injection molding" is meant to refer to a process by 
which two like or dissimilar plastics (e.g. an outer/skin material and an inner/core 
material) originating from different sources (e.g. injection units) are injected into a single 
mold during a single cycle, thereby co-molding the inner/core material inside the 
outer/skin material. The co-injection of the plastics may be either simultaneous or 
sequential as further described below. 

As used herein, the terms "outer-skin material," "skin material" and "outer 
material" are synonymous. The outer-skin materials suitable for use in the methods of the 
invention and the plastic articles and resins produced therefrom include, but are in no way 
limited to, a variety of synthetic thermoplastic resins and thermoplastic polyesters. For 
example, polycarbonates (PC), polycarbonate polyterephthalates (PCPT), polyethylene 
terephthalates (PET), polycarbonate polyethylene terephthalates (PCPET), polybutylene 
terephthalates (PBT), polycarbonate polybutylene terephthalates (PCPBT), polypropylene, 
glass-filled polypropylene, nylons, "NORYL"® manufactured by General Electric and 
"XENOY"® manufactured by General Electric are all suitable for use as outer-skin 
materials in the methods and articles described herein. 

As used herein, the terms "inner-core material," "core material" and "inner 
material" are synonymous. The inner-core materials suitable for use in the methods of the 
invention and the plastic articles produced therefrom include, but are in no way limited to, 
a wide variety of thermoplastics. The inner-core material may comprise the same 
materials found in the outer skin-material. The inner material may also comprise recycled, 
or ground-up, skin material or skin material that is discolored or otherwise aesthetically 
unappealing. In other words, plastic articles made from the co-injection methods 
described herein, which do not meet product specifications, can be ground-up, and used as 
inner-core material. But the inner-core material must have a viscosity that is higher than 
that of the outer-skin material. In other words, the inner material must be stiffer than the 
outer material to prevent the inner material from "blowing out" the outer material. 
Specific examples of core material include polypropylenes and polystyrenes. The inner- 
core material may also include recycled endothermic-blowing agents. 

As used herein, a "single cycle" refers to one cycle of a co-injection apparatus, and 
comprises five steps: 1) closing the mold; 2) co-injecting the plastics; 3) packing and 
holding; 4) cooling and 5) opening the mold. A further description of these five steps 
directly follows. 


First, closing the mold prepares the mold for the plastic injection and builds clamp 
tonnage. 

Second, co-injecting the plastics can be either simultaneous or sequential. 
Typically, plastics are injected through a co-injection manifold and into the mold at 
temperatures around 300-600° F and pressures of 5,000 to 25,000 PSI. The co-injection 
manifold is typically located between injection units and a mold. A typical co-injection 
manifold is fixed to the injection units. U.S. Patent No. 4,376,625 issued to Eckardt; U.S. 
Patent No. 5,650,178 issued to Bemis; and U.S. Patent No. 5,891,381 issued to Bemis, 
each of which is hereby incorporated by reference, disclose suitable co-injection manifolds 
and co-injection apparatuses which can be used to carry out the methods described herein. 

U.S. Patent No. 4,376,625 discloses one example of a co-injection manifold 
mounted on an injection unit suitable for use with the invention. Another injection unit 
communicates with the co-injection manifold via a tube. The manifold has a forwardly 
opening outlet, an annual port axially behind or upstream of the outlet, and a central port 
axially behind or upstream of the annular port. One injection unit communicates with the 
central port, and the other injection unit communicates with the annular port. A valve 
member is movable between a fully forward position blocking both of the ports, an 
intermediate position blocking only the central port, and a rearward position clear of both 
ports. In the fully forward position, no material flows through the outlet and into the mold. 
In the intermediate position, only material from the annular port flows through the outlet 
and into the mold. In the rearward position, both material from the annular port and 
material from the central port flow through the outlet and into the mold. 

U.S. Patent No. 5,650,178 illustrates another example of a co-injection apparatus, 
which is illustrated in Fig. 1. The apparatus 10 comprises (see Fig. 1) a co-injection 
manifold 30 mounted relative to the platen 14. The co-injection manifold 30 comprises a 
nozzle housing 18 having forward and rearward ends. The nozzle housing 34 is generally 
V-shaped and includes angularly spaced first and second or right and left arms 22 and 26. 
Each arm has a rearward end 30 and includes an outwardly extending mounting portion 
34. The nozzle housing 18 has an outlet 36 in its forward end, a first inlet 38 in the 
rearward end of the first arm 22, and a second inlet 42 in the rearward end of the second 
arm 26. The outlet 34 is located on a horizontal axis extending from the forward to 
rearward. The outlet 36 communicates with a nozzle 46 that communicates with the mold 
cavity inlet 50, and ultimately the mold 52 and mold cavity (not shown). The inlets 38 and 
42 communicate with injection nozzles 54 and 58 of respective injection units (not 


shown). In the illustrated construction, the injection nozzle 54 injects the inner core 
material and the nozzle 58 injects the outer skin material. The apparatus may also include 
a nozzle pin 62. 

U.S. Patent No. 5,891,381 discloses another injection molding apparatus that can 
be used in conjunction with the methods described herein. The apparatus includes a first 
mold cavity having an inlet, a second mold cavity having an inlet, a source of a first 
material to be injected, a source of a second material to be injected, and a co-injection 
manifold. The manifold includes a nozzle housing including a first outlet adapted to 
communicate with the first mold cavity inlet and a second outlet adapted to communicate 
with the second mold cavity inlet. First and second spaced apart inlets are respectively 
adapted to communicate with the first and second sources of material to be injected. A 
first passageway communicates between the first inlet and the first and second outlets, and 
a second passageway communicates between the second inlet and the first and second 
outlets. 

An additional manifold may also be located in the mold itself, leading into the 
mold cavity. Thus, the apparatuses used to perform the methods and make the products 
described herein may use a plurality of manifolds. A wide variety of co-injection 
apparatuses and co-injection manifolds can be used in conjunction with the invention, and 
should not be limited by those set forth above. 

Again, the plastic co-injection can be either simultaneous or sequential. For 
simultaneous plastic co-injection, a skin or outer material is injected from a first injection 
unit (usually through a manifold such as those described above) and into a mold cavity. 
The flow of the outer material into the mold may then be slowed as an inner or core 
material from a second source or barrel is injected into the mold, (usually through a co- 
injection manifold), along with the outer material. In other words, the outer and core 
mixture may flow concurrently or simultaneously into the mold cavity. This allows the 
core material to be injected inside the outer material. Subsequently, the outer and core 
material flow can be terminated substantially simultaneously, or alternatively, the flow of 
the core material may be stopped while the outer material continues to flow to finish off 
the part. Alternatively, simultaneous plastic injection may comprise injecting the outer 
material from a first source into the mold cavity, then injecting a core material into the 
mold cavity such that core material and outer material simultaneously enter the mold 
cavity, terminating the flow of the outer material while allowing the core material to 
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continue to flow, terminating the flow of the core material, and resuming and subsequently 
terminating the flow of the outer material in order to complete the production of a part. 

When using sequential plastic co-injection, outer material from a first source is first 
injected into the manifold to create a flow of outer material into the mold and the mold 
5 cavity. The flow of outer material into the mold cavity is then stopped. The outer material 
may fill approximately 30-50 percent of the mold cavity. Subsequently, the outer material 
from a second source is used to fill the remainder of the mold cavity and finish the part, or 
alternatively, the outer material is injected into the mold cavity and toward the very end of 
the plastic injection, the flow of the outer material may be stopped and the injection of the 
10 outer material resumed to provide a better cosmetic appearance to the end product. 

After the co-injection of the plastics, the cp-injected plastics are exposed to the 
^ third step in the single cycle, i.e. the "pack and hold." During the pack and hold, the 

pressure is reduced to anywhere between around 400-1200 PSI and the temperature is also 
0 gradually reduced. As the plastic cools, it begins to contract. As a result, the reduced 

1 5 pressure is still maintained and some additional plastic (either skin or outer material) may 
S-H be introduced into the mold. Fourth, after the "pack and hold," the pressure is further 

iff! 

J reduced and the part is cooled to around 100° F while the part remains in the mold cavity. 

IT* Finally, the mold is opened and the finished part is removed to complete the single cycle. 

!y Overall, "co-injection molding" is meant to encompass co-injection methods 

20 whereby a core material enters the mold cavity wrapped in a blanket of skin material. In 
other words, two materials from different sources are substantially simultaneously or 
sequentially injected into a single mold during a single cycle. Co-injection molding, on 
the other hand, is not meant to refer to forming a part, cooling it, and then layering a 
material over the cooled-part. Co-injection molding is also different from filling one 
25 cavity of a two-cavity mold with one material from one barrel and then filling the other 
cavity with a different material from a second barrel. It is also not meant to refer to 
processes that use gas as a core material and then let the gas dissipate to atmosphere-gas 
assist. Finally, co-injection molding does not include providing a previously-made part 
and then molding a surface partly or completely thereover. In other words, co-injection 
30 molding is different from insert molding or overmolding. None of these processes provide 
the insulation blanket the skin material provides in co-injection. 

The methods provided by the invention add a variety of endothermic-blowing 
agents (described below) to the core material as part of the co-injection methods described 
above. The term "foaming agent" or "blowing agent" is used to describe any substance 


tm 


which, alone or in combination with other substances, is capable of producing a cellular 
structure in a plastic or rubber mass. Thus, "foaming agents" and "blowing agents" 
include soluble solids that leave pores when pressure is released, soluble solids that leave 
pores when leached out, liquids which develop cells when they change to gases, and 
chemical agents that decompose or react under the influence of heat to form a gas. An 
"endothermic-foaming agent" or "endothermic-blowing agent" is a foaming agent or 
blowing agent that absorbs heat. The endothermic-blowing agent is added to the core 
material before the core material is injected in order to form a "core mixture". The core 
mixture should have a higher viscosity and stiffness as compared to the outer-skin 
materials. This prevents the core mixture from protruding through the outer material, i.e., 
"blowing out." A number of endothermic-blowing agents suitable for use in the methods 
described herein are described below. In no way should the description of these blowing 
agents be construed as limiting the scope of the invention. Any blowing agent having 
endothermic properties is suitable. 

Solid-endothermic-blowing agents are typically employed in pellet form. The 
actual blowing agent may dust a carrier pellet, such as a low-density polyethylene bead. 
Liquid-blowing agents are generally employed in a proprietary carrier, such as a fatty acid 
ester, a mineral oil or a polyol. 

Known liquid foaming agents include certain aliphatic and halogenated 
hydrocarbons, low boiling alcohols, ethers, ketones, and aromatic hydrocarbons. 
Chemical foaming agents range from simple salts such as ammonium or sodium 
bicarbonate to complex nitrogen releasing agents, of which azobisformamide is an 
important example. 

Foaming agents are generally classified as physical or chemical. Chemical 
foaming agents (generally solids) undergo a chemical transformation when producing gas, 
while physical foaming agents undergo a generally reversible physical change of state, 
e.g., vaporization. 

Physical foaming agents include liquid agents. Liquid physical foaming agents 
include volatile liquids which produce gas through vaporization. Common liquid physical 
foaming agents generally include shortchain aliphatic hydrocarbons (C5 to C7) and their 
chlorinated and fluorinated analogs. Liquid physical foaming agents may be used over a 
wide temperature range in low pressure and atmospheric processes, and are widely used to 
produce low density thermoplastics, such as foamed polystyrene, and thermoset polymers, 
such as polyesters, epoxy, and polyurethane foam systems. 
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Chemical foaming agents commonly referred to as blowing agents are generally 
solids that liberate gas(es) by means of a chemical reaction or decomposition when heated. 
They are necessarily selected for specific applications or processes based on their 
decomposition temperatures. In this regard, it is important to match the decomposition 
temperature with the processing temperature of the polymer to be formed. If the polymer 
processes at temperatures below that of the chemical foaming agent, little or no foaming 
will occur. If the process temperature is significantly above the foaming agent's 
decomposition temperature, poor (overblown, ruptured) cell structure and surface skin 
quality will likely result. 

Chemical foaming or blowing agents may be either inorganic or organic. The most 
common inorganic foaming agent is sodium bicarbonate. Sodium bicarbonate is 
inexpensive, nonflammable and begins to decompose at a low temperature; however, it is 
used only to a very limited extent in thermoplastics. Differential thermal analysis has 
shown that sodium bicarbonate decomposes over a broad temperature range and this range 
is endothermic, contributes to an open cell structure in the finished product, and the 
released gas (carbon dioxide) diffuses through the polymer at a much greater rate than 
nitrogen gas. 

Endothermic chemical foaming or blowing agents are mostly mixtures of sodium 
bicarbonate and sodium hydrogen citrate. The citrate is incorporated together with the 
sodium bicarbonate in order to facilitate a complete acid assisted decomposition reaction 
to produce carbon dioxide gas. The mixture is also available in various polymers as 
concentrates. The mixture is also available as a hydrophobized acid and carbonate which 
is a free non-dusting powder. 

Organic foaming or blowing agents can be utilized in most polymer applications 
and processes. These compounds release gas (usually nitrogen and/or ammonia) over a 
narrow temperature range. The rate of gas evolution for a given chemical foaming or 
blowing agent is determined by a temperature and time relationship. Applications for 
chemical foaming agents are generally divided into three areas: low, medium and high 
temperature processing polymers. There are numerous organic foaming agents available 
that decompose at various temperatures. 

In these co-injection methods, the endo thermic-blowing agents, in liquid or solid 
form, are added to the inner-core material to form a core mixture preferably before the 
core mixture is injected into the mold, and more preferably the core mixture is injected 
into the manifold. Typically, these blowing agents are added in amount equal to about 0.1 
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to about 4 percent by volume of the core material. Preferably, the blowing agent is 0.5-3.0 
percent by volume of the core material, and more preferably, 1.0-2.0 percent by volume of 
the core material. Typically, the core material is about 20 to about 45 percent by volume 
of the final part, with the remainder being skin material and any other impurities. 
5 When using liquid-endothermic-blowing agents, a peristatlic-type pump may be 

employed to introduce the blowing agent directly into the injection unit containing the core 
material. Peristatlic pumps were originally employed in the medical industry in order to 
accurately administer liquids to patients. Liquid blowing agents are preferred because a 
peristaltic volumetric pump can be used to introduce the blowing agents into the core 

1 0 material uniformly and consistently. In other words, this metering provides better 

reliability and repeatability than using solid pellets or beads. Pellets and beads may tend 
to bunch, thereby inhibiting uniform distribution into the core material. Once the 
peristatlic-type pump delivers the blowing agent into the injection unit, the liquid agent is 
integrated therein once the core material is melted (again at temperatures around 300-600° 

15 F). A peristatlic-type pump is only one example of an apparatus used to deliver a liquid 
endothermic blowing agent into the injection unit. 

Alternatively, when solid-endothermic-blowing agents are used (usually in pellet 
form as further described above), a "weight and loss feeder" may be used to meter, weigh 
and feed the solid pellets into the injection unit containing the core material. In other 

20 words, the feeder weighs the core material and is programmed to provide a percentage by 
volume of blowing agent to the core material. Conair manufactures weight and loss 
feeders, while Millicron sells such feeders. Those of ordinary skill in the art will be 
familiar with "weight and loss feeders" and other ways to deliver the solid blowing agents 
into the core material. 

25 In order to trigger the foaming or blowing reaction, whereby the core mixture 

comprising the endothermic-blowing agent and the inner-core material begins to expand, 
heat must be provided because the blowing agent is endothermic. Heat can be provided in 
a variety of manners. First, the endothermic-blowing agent can absorb heat from the skin 
material after the skin material and core mixture have been injected into the mold. In other 

30 words, the inner material incorporates the endothermic-blowing agent, and enters the mold 
cavity wrapped in the skin material. The skin material acts as an electric blanket of sort 
and an insulator, thereby providing uniform heat exposure to the core mixture. The skin 
material remains at a uniform temperature because of its inherent insulating abilities. 
Accordingly, the surface of the molded product exhibits a constant temperature for 
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interaction with the core mixture, which provides the heat-activated-blowing agent within 
the core material with a controlled exposure to temperature. One of the benefits of 
uniform temperature exposure includes uniform blowing throughout the part. Also, a 
reduction in the ratio of blowing agent to core material can be achieved because there is no 
5 need to overload the agent in an effort to compensate for cold pocket areas. The benefits 
of uniform insulation are not available in mono-injection molding methods because no 
skin material is used, which causes the internal temperature of the product to vary. 
Alternatively, frictional heat may be provided to induce the foaming reaction. More 
particularly, frictional heat may be provided as the core mixture moves through manifold 
10 and is ultimately injected into the mold. 

In contrast, by using mono -injection methods, plastics containing exothermic 
blowing agents are exposed to a variety of temperatures during the molding process. For 
example, in a hopper, the plastic drops into a feed section in which temperatures are 
significantly higher than ambient. In the metering section of the barrel, the plastics are 
15 exposed to high temperatures in order to melt the plastic. Finally, as the plastics enter the 
cavity of the mold, the temperature drops significantly. That temperature however, is 
unevenly applied in the mold because it is cooled by a series of water channels which, 
even in the best molds, cool the plastic unevenly. Again, this is much different from co- 
injection molding in which the skin material acts as an insulating blanket to the core 
20 material. 

I* Using an endothermic-blowing agent in co-injection methods provides several 

advantages over and addresses many of the problems caused by using exothermic-blowing 
agents. First, the cost-per-part is reduced due to reductions in cycle time and the overall 
weight of the material. Cycle times are reduced, in part, because the endothermic end- 
25 products do not require as much "cool-down" as exothermic end-products after being 
injected. Similarly, the "packing and holding" step of a single cycle may no longer be 
necessary. Again, the endothermic agents absorb heat, rather than give off heat. 

Second, although endothermic-blowing agents are designed to activate at a specific 
temperature. The outer-skin material insulates the core mixture comprising the 
30 endothermic material at a uniform specific maximum temperature. Again, mono-injection 
methods do not provide skin material, making activation difficult to control because of the 
lack of uniform heat. The controlled post-mold blowing identified with using endothermic 
materials provides products having a more rounded contour, and consequently a better 
"part feel." 
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Third, endothermic-blowing agents require heat to react, which means they 
withdraw nearly identical amounts of heat from all areas of the mold, thereby producing 
uniform blowing or foaming throughout the part. In contrast, blowing or foaming 
throughout a part or product varies dramatically when an exothermic blowing agent is used 
5 in injection methods. As a result, parts produced from endothermic-blowing agents 
possess evenly distributed plastic foam without the voids so commonly associated with 
exothermic parts. 

Another advantage to using endothermic-blowing agents is that parts that do not 
meet production standards can be ground-up and reused as core material. In contrast, it is 

10 difficult to reuse exothermic parts because not all of the exothermic agent activates in the 
thinner areas of these parts. Thus, once ground-up for reuse or recycling, there is no way 
to confine or segregate ground particles containing the non-activated-exothermic-blowing 
agent. Accordingly, reusing or recycling this material can be very unpredictable. Often, 
reusing ground-up materials including exothermic results in the product blowing up once 

1 5 the product leaves the mold at standard cycle time. In contrast, endothermic-blowing 
agents tend to fully activate during the processes described herein, and therefore are 
entirely "spent." As a result, this material can be reground and reliably reused as core 
material. 

Endothermic-blowing agents also tend to remain homogenized when added to the 
20 inner-core material. Using endothermic-blowing agents reduces cycle times five to ten 
percent and produces parts having stable sizes and profiles. Using endothermic-blowing 
agents yield faster cycles by reducing the need for external cooling because the 
endothermic-blowing agents absorb heat. 

Other advantages associated with using endothermic foaming or blowing agents 
25 over their exothermic counterparts include shorter degassing cycles, smaller cells and 
smoother surfaces. These advantages yield products and parts having uniform physical 
properties and substantially less voids and areas of dense and weak foaming. Using an 
endothermic-blowing agent results in products having improved structure and insulation. 

The methods described herein can be used to produce a wide variety of final plastic 
30 apparatuses and end products, which will become apparent to one of ordinary skill in the 
art. For example, thick and thin-walled handles for electric appliances can be produced 
using these methods. More specifically, handles for refrigerators, ovens, etc. (Fig. 2) can 
be made using the methods described herein. Plastic handles for wheelchairs (Fig. 4) can 
also be made from these methods. Also, plastic hoods (Fig. 10) for vehicles such as 
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tractors and lawn mowers can also be made, as well as toilet seats (Fig. 5), lawn furniture 
(Fig. 7) and plastic steering wheels (Fig. 8). In the figures, outer material is depicted as 
reference numeral 70, inner material as 74 and endothermic -blowing agent as 78. The real 
key to the production of any of these end products is the production of an engineering- 
grade resin. The engineering grade resin comprises the thermoplastic-outer material, a 
thermoplastic-inner material and an endothermic-blowing agent, and can be used to 
produce an unlimited amount of molded-plastic products, such as those described above. 
Accordingly, these applications should no way be construed as limiting the scope of the 
invention. 

Example 1 

Using "XENOY"® material (manufactured by General Electric) as a skin material, 
and either "XENOY"® regrind, "XENOY"® off-specification material, or a combination 
thereof, as a core material combined with an endothermic blowing agent, a lawn tractor 
hood can be co-injected at a significantly reduced price. The resultant hoods are every bit 
as a strong and outdoor-exposure resistant as a mono-injected part using exothermic- 
blowing agents. The significant advantage of using the endothermic-blowing agent is that 
the structural integrity of the part is not compromised because of nearly perfect uniform 
blowing of the core material. No area of the hood is structurally compromised as would 
typically be found when using an inherently unevenly-blown-exothermic-activated-foamed 
core. 

Even though the materials (both skin and core) have virtually identical viscosities 
in this example, by reducing the core melt temperature approximately 50 degrees 
Fahrenheit, the part is artificially stiffer, thereby maintaining the appropriate stiffer core 
requirement of co-injection molding intact. 

Example 2 

A plastic handle for a kitchen appliance was manufactured using a co-injection 
method. An endothermic-blowing agent was added to a core material 
(polypropylene/polyethylene) in an injection unit to form a core mixture. Another 
injection unit was supplied with a glass-filled co-polymer polypropylene skin material. 
The skin material was injected through a co-injection manifold and into a mold from the 

o 

injection unit. Subsequently, the core mixture was injected into the mold. The skin 
material was further injected to finish off the plastic handle. The end plastic handle 
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comprised 72.6 percent by volume of the skin material, 27.3 percent by volume of the 
material and the remainder endothermic-blowing agent. 


